In different in v/vo-studies, poly lactic acid (PLA) was used for numerous orthopedic applications. In many cases, its use lead to complications, often requiring surgical removal of the implants. Two possible explanations are being discussed in the literature [1] [2] [3] [4] : crystallites remaining after degradation of the amoφhous phase and the acidic degradation of PLA. Therefore, in this study, 2 different calcium phosphates (Ca-P) were added to intrinsically aInoφhous poly-D,L-lactic acid (PDLLA) to neutralize acidic degradation products.
INTRODUCnON
In different in v/vo-studies, poly lactic acid (PLA) was used for numerous orthopedic applications. In many cases, its use lead to complications, often requiring surgical removal of the implants. Two possible explanations are being discussed in the literature [1] [2] [3] [4] : crystallites remaining after degradation of the amoφhous phase and the acidic degradation of PLA. Therefore, in this study, 2 different calcium phosphates (Ca-P) were added to intrinsically aInoφhous poly-D,L-lactic acid (PDLLA) to neutralize acidic degradation products.
MATERIALS AND METHODS
Rods (2 χ 3 χ 20 mm) of high molecular weight PDLLA (Resomer R207, Boehringer Ingelheim, Mw~200OOO g/mol) with and without particles of -tri-calcium phosphate (TCP) and calcium hydrogen phosphate (CHP) (Fluka, x 50 =2.2 μη) were injection molded at 140°C. The polymer was pre-dried at 40°C for 48 hours and at 70°C for 12 hours. Small amounts of Ca-P were continously added during the injection molding process. The in vitro degradation was performed using Ringer's solution (pH 7.4) with an isotonic composition similar to body fluids at 37°C. The samples were not shaken and the medium was not exchanged during the test. Degradation of 3 to 5 samples was monitored up to 40 weeks. Parameters tested were: mass change, pH-value (Metrohm pH-meter), mechanical properties by 3-point bending (l mm/min., support length 13 mm). Molecular weight was determined by size exclusion chromatography (Knauer, Germany, PLgel 5 mm mixed-C column, THF, 23°C) using PS-standards (Polymer Laboratories) s reference. The surface moφho]ogy and the fracture behavior of the samples were examined using SEM.
RESULTS AND DISCUSSION
During the in vitro test, PDLLA samples absorbed 8% (weight), PDLLA/TCP 18% and PDLLA/CPH 28% water within 32 weeks. Afterwards, weight decreased with time. The water uptake correlated to the observed swelling of the samples. Molecular weight measurements showed that rods containing TCP-or CHP-particles degraded slower than the pure PDLLA-rods (figure 1) due to a neutralization of acidic end groups which could otherwise autocatalyze the degradation of PLA [5] . PDLLA/TCP degraded faster than PDLLA/CHP, probably due to the lower solubility of TCP (ca. 5. ΙΟ" 4 The initial strength of ca. 95 MPa for the samples with Ca-P-particles was reduced immediately after immersion, probably due to water uptake and to a possible particle / polymer debonding (figure 2). While the pure PDLLAsamples showed a strength retention during the first 10 weeks followed by a fast decrease in strength, the samples with Ca-P showed a slow linear decrease during the observation period. The uptake of water also reduced the stiffness of the samples with TCP-particles within the first 2 weeks from 3700 to 2800 MPa, after which a linear decrease to ca. 500 MPa within 40 weeks occured. A stiffening effect from the initial water uptake could be measured for the pure PDLLA samples and the ones with CHP. Afterwards, a linear decrease could be observed. PDLLA samples had a Young's modulus of 500 MPa after 20 weeks, whereas PDLLA/CHP showed similar behaviour to the PDLLA/TCP-samples. Standard deviations of up to 250 MPa were measured.
pH of the medium surrounding the samples was initially 8.1, which was reduced to 7.4 within the first 4 weeks of observation ( figure 3 ). The higher pH of the Ringer's solution was probably due to a loss of CO 2 during storage. Up to 30 weeks, no significant change of pH could be observed. After 32 weeks pH of one of the PDLLA-samples feil to 2, whereas the other remained at 7.4. The decrease in pH could be correlated to an observed burst of the existing surface skin (compare with figure 4). After 40 weeks pH of all PDLLA samples dropped to l .8, opposed to the samples with Ca-P where no lowering ofthe pH could be observed. SEM analysis ofthe samples revealed the formation of a skin (6 μπι) by the injection molding process ( figure 4) . Furthermore, degradation products may be released more easily frorn the surface layer into the surrounding medium than from the center ofthe samples. Therefore, degradation in the outer zones of PLA-samples is slower than in the center. It is assumed that this skin may have acted s a diffusion barrier for degradation products. In .
PDLLA/TCP samples, small cracks in the surface of the specimen could be observed after 10 weeks of degradation (figure 5). These cracks were probably initiated by the observed swelling of the samples. Pure PDLLA samples did not show any such small cracks during the observation time. For the pure PDLLA samples, a bursting of the outer skin was observed. The addition of Ca-P particles to PDLLA resulted in a slower degradation behavior s compared to pure PDLLA. It is assumed that this is due to the neutralization of acidic groups which result from the polymer degradation. This hinders the autocatalytic Stimulation of the degradation by these groups. A burst release of acidic degradation products could not be seen for samples with Ca-P during observation time. From these conclusions, it is suggested that the addition of tri-calcium phosphate or calcium hydrogen phosphate results in a more physiological degradation behavior of implants made of amorphous poly lactic acid.
